Introduction
Oxbow lakes situated in the Pantanal floodplain are subject to unimodal and predictable flood pulses that, according to Junk and Silva (1995) , are the principal forcing functions of these systems.
Oscillations in river level influence floodplain lakes in various ways, depending on the type of connection between lake and river. This connection may be temporary or permanent, according to the morphology, position and size of the lake (Junk, 1980) . These characteristics also condition the structure of the macrophyte assemblages, which determine the dynamics of many limnological variables, such as nutrient and dissolved oxygen Influence of connectivity on Cladocera diversity in oxbow lakes in the Taquari River floodplain (MS, Brazil)
Results
Considering all three lakes, 49 taxa were recorded (Table 1) . Chydoridae was the most representative family (34 species), followed by the Macrothricidae family (5 species). The following carried out in the Midwest region of Brazil have indicated a very high diversity of invertebrates in these habitats as compared to the open water in, for example, the Paraná River (Paggi and José de Paggi, 1990; Bonecker et al., 1994; Lima et al., 1996; Lansac-Tôha et al., 1997; Sendacz, 1997) , and the southern Pantanal (Bonecker et al., 1998) .
The Cladocera are an especially abundant group among the invertebrates associated with macrophytes (Rocha and Por, 1998) . The objective of the present study was to expand the current knowledge on the diversity of Cladocera associated with macrophytes in oxbow lakes of the State of Mato Grosso do Sul (Brazil) and to investigate the role of the hydrologic cycle in structuring Cladocera communities in oxbow lakes of different degrees of connectivity with the river. Our hypothesis is that in floodplains, greater connectivity between oxbow lakes and the main channel of the river may result in a decrease in Cladocera diversity when associated with intense and frequent disturbance, which may be detrimental to the re-establishment of their populations.
The studied lakes are located in the Paraguay River Basin, which has been relatively neglected with respect to this type of study.
Study Area
The alluvial plain of the Taquari River, one of the main tributaries of the Pantanal (Galdino et al., 2005) , is situated in the two main regions of Paiaguás and Nhecolândia. The Taquari basin occupies an area of 65,023 km 2 and is characterized by an Awtype climate, according to Köeppen's classification system, corresponding to a semi-humid tropical climate, with a mean annual temperature of 26 °C and mean annual rainfall between 800 and 1600 mm.year -1
. It has two distinct seasons, wet, from October to March, and dry, from April to September.
The location of the three study lakes in the Taquari River Basin are shown in Figure 1. 
Methodology
Sampling was carried out from August/04 to September/06 at a single point in the littoral region of each lake. Physical and chemical variables were obtained from Güntzel et al. (submitted) . The organisms were collected in floating macrophyte stands at the surface of the lakes using a tray (60 × 40 × 10 cm). The macrophyte roots (mainly Eichhornia azurea) were washed with carbonated water to anaesthetize the organisms and the Lakes 1 and 2 presented the greatest taxonomic similarity at the species level ( Figure 2 ).
Species richness varied substantially during the study in all three lakes, tending to be the greatest in lake 1 (Figure 3a) . In this lake, species richness was high in the dry period (August) and low in the rainy period (February) during the two years of study. On the other hand, species richness was higher in February in lake 3.
The richness of species significantly correlated to dissolved oxygen concentration in lake 1 (r = 0.57, p = 0.05), conductivity in lake 2 (r = -0.64, p = 0.05), and water temperature in lake 3 (r = 0.57, p = 0.05).
Variations in the Shannon-Wiener Diversity Index indicated similar tendencies in lakes 1 and 2, with the lowest values in February/06 (rainy period) (Figure 3b ), while there was an increase in diversity in lake 3. For the three lakes, there was little variation in equitability during the course of the study, with high values for the three lakes, indicating low dominance of species in the three lakes ( Figure 3c ). Thus, variation in species richness was the factor which was most responsible for diversity index variations.
Species of the Chydoridae family were the most abundant in lakes 1 and 2, followed by Macrothricidae (Figures 4a and b) . In lake 3, the Chydoridae and Daphniidae families were the most abundant taxa (Figure 4c ). In lakes 1 and 2, there was a reduction in the relative abundance of Chydoridae during the summer in both years. This occurred during the increases of the Macrothricidae and Sididae abundance in lake 1, and of the Macrothricidae abundance, in lake 2.
In lake 3, the relative abundances of Daphniidae, Macrothricidae, Sididae, and Ilyocryptidae varied irregularly during the study, with Daphniidae being more abundant than Chydoridae in August/05, In lake 3, a significant positive correlation was found between abundance and water pH (r = 0.60; p = 0.05). No significant correlations were found between Cladocera abundance and limnological variables for the other lakes.
Temporal patterns in the distribution of the cladoceran taxa in relation to the hydrological and limnological variables were identified using Canonical Correspondence Analysis (Table 2) . Best results were found for lakes 2 and 3, for which axes 1 and 2 explained around 50% of the data variance. In lake 1, axes 1 and 2 explained 36% of the variance.
when there was no rain and the river level and temperature were very low (Güntzel et al., submitted) .
The most abundant species of Cladocera in each lake are shown in Figure 5 . In general, the groups of most abundant species differed between the lakes. However, only the species Macrothrix cf elegans was abundant in all lakes during the beginning of the dry period and the rainy period, while Chydorus eurynotus, in lakes 1 and 3, seemed to be favored by dry conditions in lakes with different connectivity with the Taquari River.
As to species richness, Cladocera density was higher in lake 1 and lower in lake 3 (Figure 6) . Because of the different density patterns presented by individual populations, defined temporal patterns were not observed for the total density of cladocera. water temperature, concentrations of dissolved oxygen, and electrical conductivity.
Discussion
In floodplains, great biodiversity is associated with a great diversity of habitats and the preservation of the connectivity between aquatic systems (Ward and Stanford, 1995) .
The number of species recorded in this study (49) is one of the highest observed for Cladocera in the Midwest region of Brazil (Neves et al., 2003; Serafim Jr. et al., 2003; Souza and Elmoor-Loureiro, 2008) . The assemblages of these lakes were represented principally by the Chydoridae family, which is favored by the presence of macrophytes, as they feed principally on detritus and epiphytic algae (Smirnov, 1974) . Rocha et al. (2002) affirmed that the Chydoridae is the most important family in terms of species richness in the littoral region of lacustrine systems of the state of São Paulo, as recorded in the marginal lakes of the Mogi-Guaçu River (Wisniewski et al., 2000) , where 14 of the 28 species of the recorded Cladocera species belonged to the Chydoridae family.
In the present study 34 Chydoridae taxa were found in three lakes during the two-year period; this richness is almost as high as that found by Serafim Jr. et al. (2003) , demonstrating the importance of intensive sampling during the hydrological cycle.
Frequent sampling favors the recording of species with low abundance or low frequency in the environment, as is the case with the three species recorded for the first time in Mato Grosso do Sul State: Alona broaensis, Disparalona leptorhyncha and Notoalona sculpta.
The canonical correspondence analysis suggested that a particularly important factor determining species distribution in lakes 1 and 3 was the seasonal variation in rainfall, modifying the nutritional characteristics (chlorophyll, nitrogen, and phosphorus) and water transparency of the lakes. However, while the same canonical correspondence coefficients were positive for lake 3, they were negative for lake 1. A relatively high coefficient of canonical correspondence for dissolved oxygen was observed for lake 1, but not for lake 3.
In lake 2, the principal factors related to species distribution were changes in water transparency, hydrological cycle are considered predictable for the floodplain community. However, this predictability is a relationship between the frequency and the duration of the connectivity and the duration of the life cycle of the organisms subjected to such disturbances. In the present study, the degree of connectivity is related mainly to the frequency and duration of the connection between the Taquari River and the three lakes. Lake 1 has low connectivity, as the water inflow from the Taquari River occurs occasionally from local streams, in flood episodes higher than those observed in the annual hydrological cycles. Therefore, lake 1 is normally an isolated environment. Lake 2 is an intermediate system, as it receives water during the annual flood cycle of the Taquari River (monomodal pattern), and the connectivity of lake 3 is maximum (frequency and duration) in relation to the other lakes.
The disturbances imposed on Cladocera in lake 1 are predominantly associated with variations in rainfall in the drainage basin of the lake itself. Such variations can be considered predictable, since they are cyclic and can allow the recovery of the populations adapted to the dry and wet conditions alternately, ensuring the maintenance of a greater diversity of species in this environment, in comparison to the two other lakes. Lake 1 supported the highest abundance and species richness of Cladocera associated with aquatic macrophytes. This water body had a greater development of marginal vegetation and banks of macrophytes composed of different morphological A. broaensis had been restricted to the reservoir of Broa in São Paulo State (Matsumura- Tundisi and Smirnov, 1984) . In the present study, this species was found in lake 1, a meso-oligotrophic shallow lake containing a great development of macrophytes, which are common characteristics of the localities where A. broaensis has been found (Tundisi et al., 1977) .
The species Disparalona leptorhyncha (identified according to Smirnov, 1992) , initially identified as Disparalona acutirostris, was found in all three lakes. Notoalona sculpta was frequently found in lakes 1 and 3, but was absent from lake 2. In the Midwest region, this species was found by Elmoor-Loureiro (2007) in temporary and permanent lakes and marshes in the valley of the Paraná River (Goiás State), but had not been recorded before in Mato Grosso do Sul State.
Lakes subject to flood pulses are quite dynamic systems with two extreme conditions of dry and wet periods. Between these two periods, there are progressive changes that, according to Ward and Stanford (1995) , are characterized by different degrees of connectivity between the lakes and the river channels. Galat et al. (1997) indicates that the relative connectivity can be determined using spatial variables, morphometric parameters that quantify the connection between systems, or by temporal variables, such as frequency and duration of connection.
According to Junk (1997) , environmental disturbances caused by the annual variation of the Cladocera and may result in great disturbance of intensity and frequency, favoring the permanence of populations that tolerate such conditions better. In contrast, the greater water flow from the river into this lake coincided with increases in richness due to the probable influx of organisms from other sub-systems. However, this situation occurred only during the rainfall peak, suggesting that maybe the species washed in did not find favorable conditions for their establishment in this lake.
The greater similarity in species composition between the lakes with the least connectivity reflects intensity of disturbances imposed on the Cladocera community in comparison to that of the lake with greater connectivity, which suffers more frequent and intense disturbances. In this lake, the smaller development of the macrophyte banks also favored species that explore open regions, as illustrated by the greater importance of Daphniidae in this environment, which may have further contributed to the dissimilarity between the lakes.
In the present study, Cladocera had distinct richness and abundance in each environment. This difference was directly conditioned by environmental variables or determined by variations that affect other groups of organisms, such as the composition and structure of macrophytes that interfere in the dynamics of Cladocera populations. However, we observe that in the studied oxbow lakes, the environmental variations conditioned by annual dry and rainfall cycles favor a greater diversity of Cladocera, since a greater connectivity with the Taquari River produces constant disturbances that are detrimental to the diversity of this group. It is probable that the negative effect of this disturbance on the diversity of Cladocera in the lake with the greatest connectivity to the river is heightened by anthropic impacts introduced by the Taquari waters.
types, including submerged, emergent, rooted, and floating types, providing greater heterogeneity to the environment.
Concerning the temporal changes in community structure in relation to limnological variables, in lake 1, the concentration of dissolved oxygen seemed to directly influence species richness. Because oxygen concentration is a limiting factor for species adapted to meso-oligotrophic conditions, together with other factors, it determines interruption of dormancy of zooplankton eggs, as suggested by De Stasio (1990) .
Lake 2 is semi-lentic, being permanently connected to the Veados Stream, whose oligotrophic waters flow continuously into the lake. This lake is connected to the Taquari River by a narrow channel, through which the river water flows in only during the wet season. Therefore, this lake exports water to the Taquari River during most of the hydrological cycle. These conditions seem to favor the intermediate condition of richness and density of Cladocera, when compared to lakes 1 and 3.
In lake 2, the water inflow from the Taquari River results in an increase in the concentration of suspended material and makes the environment more eutrophic. Additionally, higher temperatures during the rainy season (Güntzel et al., submitted) may increase the velocity of the biological processes in this lake, whose surface is nearly covered by banks of Eichhornia azurea and Salvinia sp.
According to Thomaz et al. (2003) , during flooding, the release of detritus and the decomposition of marginal aquatic macrophytes may also have contributed to the increase in conductivity in this lake. In this environment, the richness species had an inverse correlation with the electrical conductivity.
Besides the cyclic alterations associated with the rainfall regime, lake 3 is also subject to alterations caused by the constant inflow of water from the Taquari River, which drains a wide area influenced both by natural alterations and non-predictable anthropic activities. They result mainly from the farming activities in the Taquari River basin, as reported by Galdino et al. (2005) .
With the river water influx, lake 3 constantly receives a greater load of inorganic material; in suspension, this material can be detrimental to Cladocerans by reducing their primary productivity and efficiency of ingestion of algae and other organic particles (Kirk, 1991) .
These conditions probably do not allow for the maintenance of a high diversity and abundance of JUNK, WJ. 1997. The Central Amazon Floodplain: ecology of a pulsing system. 
